A new pharmacologic action of CCI-779 involves FKBP12-independent inhibition of mTOR kinase activity and profound repression of global protein synthesis.
The mammalian target of rapamycin (mTOR) inhibitor CCI-779 (temsirolimus) is a recently Food and Drug Administration-approved anticancer drug with efficacy in certain solid tumors and hematologic malignancies. In cell culture studies, CCI-779 at the commonly used nanomolar concentrations generally confers a modest and selective antiproliferative activity. Here, we report that, at clinically relevant low micromolar concentrations, CCI-779 completely suppressed proliferation of a broad panel of tumor cells. This "high-dose" drug effect did not require FKBP12 and correlated with an FKBP12-independent suppression of mTOR signaling. An FKBP12-rapamycin binding domain (FRB) binding-deficient rapamycin analogue failed to elicit both the nanomolar and micromolar inhibitions of growth and mTOR signaling, implicating FRB binding in both actions. Biochemical assays indicated that CCI-779 and rapamycin directly inhibited mTOR kinase activity with IC(50) values of 1.76 +/- 0.15 and 1.74 +/- 0.34 micromol/L, respectively. Interestingly, a CCI-779-resistant mTOR mutant (mTOR-SI) displayed an 11-fold resistance to the micromolar CCI-779 in vitro (IC(50), 20 +/- 3.4 micromol/L) and conferred a partial protection in cells exposed to micromolar CCI-779. Treatment of cancer cells with micromolar but not nanomolar concentrations of CCI-779 caused a marked decline in global protein synthesis and disassembly of polyribosomes. The profound inhibition of protein synthesis was accompanied by rapid increase in the phosphorylation of translation elongation factor eEF2 and the translation initiation factor eIF2 alpha. These findings suggest that high-dose CCI-779 inhibits mTOR signaling through an FKBP12-independent mechanism that leads to profound translational repression. This distinctive high-dose drug effect could be directly related to the antitumor activities of CCI-779 and other rapalogues in human cancer patients.